Boreholes that penetrate Cretaceous strata in parts of Beaverhead and
Madison Counties, Montana, and adjacent northeastern Idaho 
INTRODUCTION
The depositional history of the Cretaceous foreland basin in western Montana is represented by a westward thickening sedimentary sequence that attains a maximum cumulative thickness of nearly 7,000 m near Drummond (Gwinn, 1960; . This sequence of interbedded marine and nonmarine clastic and carbonate rocks reflects both Sevier-and Laramide-style tectonism along the western margin of the Cretaceous seaway. Because this sequence exhibits extensive lateral and vertical facies variations, it poses complex sedimentologic and stratigraphic problems. Few detailed studies of this sequence have been undertaken; in some areas of southwest Montana it has not even been adequately described. Furthermore, stratigraphic nomenclature in the region is confusing, and several names have been applied to the same rocks even within the same area.
The Lower and lower Upper Cretaceous sequence in the Lima Peaks region and in parts of the Tendoy, Gravelly, and Snow crest Ranges (Beaverhead and Madison Counties, Montana) , and Pioneer Mountains is unique ( fig. 1 ). The sequence lies within or near the easternmost frontal thrust sheets of the southwest Montana fold-and-thrust belt, along the western depositional edge of the foreland basin.
The sequence has been a source of interest to petroleum exploration companies. (table 2) .
The purpose of this report is to describe the Blackleaf and lower part of the Frontier Formations in parts of Beaverhead and Madison Counties, Montana, to establish lithostratigraphic subdivisions of these formations, and to describe their paleontologic and biostratigraphic characteristics and age relationships.
The study area (figs. A list of measured sections and sample localities described in this study is given at the end of the report in the Appendix. The list includes codes, locations, and sources of information. The Blackleaf-Frontier contact was established for this report at the base of the first significant sandstone or shale bed above mudrocks of the upper Blackleaf Formation. The Blackleaf-Kootenai contact was established as being at the last appearance of gastropodrich limestone at the top of the Kootenai Formation.
The study was undertaken originally to include only the Blackleaf Formation. However, strata suggested to belong to the Frontier Formation are included in order to establish an upper Blackleaf contact, to define tectonic controls during the mid-Cretaceous, and to determine variations in provenance between the Blackleaf and Frontier Formations.
STRATIGRAPHY
The Blackleaf and lower part of the Frontier Formations outcrop in narrow belts along the margins of present-day ranges in southwestern Montana ( fig. 3 ). Outcrop quality varies from excellent to poor. The best exposed sections are located in the Pioneer and McCartney Mountains area; composite sections were measured south of Lima and in the Snowcrest Range (Antone Peak and Lima Peaks sections, Appendix) where rocks are poorly exposed. The Blackleaf and lower part of the Frontier Formations in the study area are composed of a predominantly clastic sequence of sandstone, siltstone, mudstone, and shale with much lateral and vertical variation. The formations are herein subdivided into five informal lithofacies units from bottom to top: (1) Blackleaf lower clastic (unit 1), (2) Blackleaf mudstone-shale (unit 2), (3) Blackleaf upper clastic (unit 3), (4) Blackleaf volcaniclastic (unit 4), and (5) Frontier lower clastic (unit 5). These lithofacies units are readily identifiable on the basis of field observations and can be traced throughout the study area (fig. 4 ). The lithofacies units will be referred to by number in the following paragraphs. Dyman (1985a) has provided graphic lithology logs, sample numbers and lithofacies identification, grain size, porosity, and paleocurrent direction for sections measured in this study. Data presented in the following pages summarize and update the detailed descriptions of Dyman and others (1984), and Dyman (1985b) . Table 3 summarizes stratigraphic names used within or near the study area. Many different names have been used and no consistent pattern of nomenclature has been established, in part because of local lithologic and facies changes and the long distance from type localities. The The Blackleaf Formation in the study area is similar to the Blackleaf Formation on Blackleaf Creek (Cobban and others, 1976) northwest of Great Falls. The term "Colorado Group" is not used in this study because it includes both Lower and Upper Cretaceous rocks. The stratigraphy of the Upper Cretaceous Frontier Formation has not been worked out in southwestern Montana, and facies relationships between the Frontier Formation and the Colorado Group in northwestern Montana are unknown. The terms "Mowry" and "Thermopolis" Shales are not used because they represent more marine facies to the east. "Aspen" Formation is a useful term but is generally used in conjunction with the underlying Bear River Formation to the south in Idaho. Lithofacies described in this study resemble the Blackleaf Formation in northwest Montana more than they resemble the Bear River Formation of eastern Idaho. Figure 5 summarizes Blackleaf-Frontier equivalents in the region.
NOMENCLATURE
For northwest Montana Cobban and others (1959) named four members of the Blackleaf Formation, from bottom to top: Flood, Taft Hill, Vaughn, and Bootlegger. Because these members cannot be readily mapped in Madison and Beaverhead Counties, the names were not used. In the course of developing Blackleaf stratigraphy in southwestern Montana, Dyman (1985a, b, d) and Dyman and others (1984) developed preliminary names for Blackleaf lithofacies (for example, the lower clastic lithofacies of this report was first called the lower transitional clastic lithofacies). Formal member names are not used with the Blackleaf Formation in this report because much work remains to be completed before lithofacies relationships can be fully worked out. Additional measured sections must be described and the prethrust-faulting spatial relationships of sections in different areas must be established. The Blackleaf Formation may be raised to group rank within the next few years as the stratigraphy of the Lima to Drummond area becomes better known, and some of the informal lithofacies names used here may become formations within the group. Other lithofacies may assume member names now used in the Drummond area. The part of the Frontier Formation described in this study area is similar to the sandstone-rich lower Frontier (Veatch, 1907) near Kemmerer, Wyoming; whereas, the lower part of the Marias River Formation (Cobban and others, 1959) in northwest Montana that overlies the Blackleaf there contains more shale.
BLACKLEAF FORMATION
The Kootenai-Blackleaf contact is conformable and is defined in this study as the top of the last gastropodrich limestone of the upper carbonate member of the Kootenai Formation ( fig. 4) . Although probably diachronous, the contact is well defined in the field. Discontinuous beds of micritic limestone and mudstone, rich in limestone nodules, occur above this contact, but these units contain no gastropods.
The Blackleaf-Frontier contact is conformable in the Pioneer and McCartney Mountains area but may be unconformable in the Snowcrest and Gravelly Ranges and in the Lima Peaks area. The top of the Blackleaf Formation is defined in this study at the base of the first thick sandstone, conglomerate, or dark-gray shale bed above the volcaniclastic lithofacies unit. The contact is best exposed in the Lima Peaks area where it is recognized by a sharp color change and lithologic break and by an erosional surface and a lag conglomerate. This contact is probably diachronous, and correlation was best made where palynologic data were available.
Thickness data for the total Blackleaf Formation are available from four surface sections and one exploratory well in the study area ( fig. 6 ). The Blackleaf Formation varies in outcrop thickness from a minimum of 425 m south of Lima to a maximum of 600 m north of Dillon. Subsurface data within the Lima anticline are difficult to interpret because of possible structural complications (W. J. Perry, Jr., oral commun., 1984 Figure 5 . Stratigraphic nomenclature for strata of mid-Cretaceous age in western Montana, northeastern Idaho, and central Wyoming. Data from Gwinn (1960) , Roberts (1972) , McGookey and others (1972) , Schwartz (1972) , Cobban and others (1976) , and Vuke (1984) .
(580 m); and (3) CENEX 9-31 Lima (594 m Schwartz's (1972 Schwartz's ( , 1983 Blackleaf Formation north of Dillon in the Pioneer Mountains (Apex section in this report; see Dyman, 1985a) was measured as more than 1,200 m (3,800 ft) thick. The upper part of the same section in this present report was considered part of the Frontier Formation.
Because of poor exposures and structural complications, a complete Blackleaf section could not be measured in the northern Snowcrest and Gravelly Ranges. The Ruby River section is faulted and does not represent a true Blackleaf thickness (Dyman, 1985a) .
Lower Clastic Lithofacies (Unit 1) Lithology and Thickness
Lower clastic lithologies include quartz-and chertrich sandstone (quartzarenite, sublitharenite, and litharenite of Folk, 1968) , siltstone, mudstone, and subordinate limestone, shale, and conglomerate. The sandstone is (1) generally gray or brown, (2) fine to medium grained, (3) thin to thick bedded, ( 4) very calcareous and iron stained, (5) commonly bioturbated, (6) horizontally laminated ( fig. 7) to trough cross stratified, and (7) commonly ripple-laminated with well-developed symmetric ripples.
Siltstone is found above unit 1 sandstone in fining upward sequences that reach a maximum thickness of 7 m. The siltstone is gray to brown, finely laminated or Mann (1954, 1960) . Lowell ( 1965) . Roberts (1965 , 19 6 7, 19 72) • Hadley (1969 structureless, and commonly bioturbated with variably oriented burrows. It commonly contains carbonaceous matter and wood fragments and is variably calcareous. Calcareous beds laterally grade into silty limestone. Mudstone and shale are gray to red or green and often silty. They are variably calcareous, commonly nodular, and iron stained . Shale is relatively rare; however, interbedded fossiliferous mudstone and black shale are found at the base of unit 1 at the Ruby River section. Finely disseminated carbonaceous matter is present in some mudstone and most shale beds.
Subordinate gray limestone is micritic with welldeveloped laminations and algal(?) coatings. The limestone is generally silty and unfossiliferous and contains variable amounts of finely disseminated carbonaceous matter. Limestone beds are commonly nodular with nodules as much as 10 em in diameter. Nodules are micritic and iron stained; they make up more than 50 percent of some beds ( fig. 8) . Limestone beds attain a maximum thickness of 1.8 m.
Conglomerate beds within unit 1 are uncommon; where present, they include basal-lag rip-up zones, and limestone-channel deposits that reach a maximum thickness of 1.5 m. Basal-lag deposits contain angular to subrounded mudstone, siltstone, and limestone rip-up clasts up to 2.5 em (rare) in diameter, and occur at the bases of discontinuous sandstone beds. Rip-up zones are less than 5 em thick and discontinuous . Limestonechannel deposits include clasts up to 10 em in diameter that vary from 60 to 100 percent micritic limestone ( fig. 9 ) . Subordinate lithologies include mudstone, siltstone, and chert.
Unit 1 thicknesses range from 87 mat the McCartney Mountain and Apex sections north of Dillon to 13 m in the Gravelly Range east of Dillon ( fig. 10 ). There is a marked eastward thinning of the unit. The basal Blackleaf contact is conformable in the study area but is considered unconformable for equivalent rocks in parts of northwest Montana (Cobban and others, 1976; Mudge, 1972) and west-central Montana (Roberts, 1972) . James (1977) considered the contact conformable in southwest Montana although he identified local fluvial channel scours at the contact.
The upper contact of unit 1 is established at the base of the first thick gray shale bed above the upper carbonate lithofacies of the Kootenai Formation (fig. 4 ) . This contact is difficult to define in parts of the study area because unit 2 gray shale varies significantly in thickness, and unit 1 also contains such beds. The contact in this study is established arbitrarily but does define a major change in lithostratigraphic and sedimentologic character. Poor exposures at the Lima Peaks and Antone Peak sections prevented easy recognition of the upper contact. Table 4 illustrates sample identification and location, genera and species, lithofacies, age determinations, and environments of deposition for 14 bivalve specimens from Blackleaf and Frontier samples. Three Inoceramus comancheanus Cragin molds ( fig. 11) were found in the upper part of unit 1 at the Monument Hill section in the Gravelly Range. A similar Albian fauna was described by Cobban (1951) Table 5 presents sample identification and location, genera and species, lithofacies, age determinations, and proposed environment of deposition for palynomorph assemblages in the study area. An assemblage near the base of unit 1 (Lima Peaks section, uppermost Kootenai Formation) exclusively provides a late Albian age (sample LP-7A-1) . This uppermost Kootenai sample includes the species Appendicisporites jansonii, which ranges into the upper (but not uppermost) Albian (Nichols and others, 1982) and provides a maximum age for the overlying Blackleaf Formation.
Unit 1 is in part lithostratigraphically correlative with the lower sandstone of the Thermopolis Shale near Bozeman, and the Flood Member of the Blackleaf Formation near Great Falls, which Roberts (1972) and Rice (1976) correlated with the Fall River Sandstone.
Sedimentologically, unit 1 sandstone is predominantly fluvial and deltaic, especially to the west in the Pioneer Mountains. Lower mudstone-shale lithologies include mudstone, shale, siltstone, and subordinate chert-and quartz-rich sandstone (quartzarenite, sublitharenite, and litharenite of Folk, 1968) . The shale is gray to black, is moderately to strongly fissile, and contains finely disseminated carbonaceous matter, wood fragments, coal, and rare bivalve fragments. Bioturbation is common and burrows and trails are well developed. Calcareous nodules up to 5 em in diameter are abundant but limited to discrete intervals . Shale is variably calcareous and may be stained by hematite or limonite; it is usually interbedded with gray mudstone that is less bioturbated and contains less carbonaceous matter.
Sandstone is fine to very fine grained, brown to gray and light blue, variably calcareous, and parallel laminated. The sandstone contains generally straightcrested symmetric ripples, the tops of which may be strongly bioturbated.
Sandstone and siltstone at McCartney Mountain and in the Pioneer Mountains (Apex section) form the thickest unit 2 beds in the study area and may be up to 5 m thick. Black shale is the dominant lithology in the Gravelly Range, where interbedded siltstone and sandstone are rare ( fig. 12) .
Unit 2 thicknesses increase to the east and north ( fig. 13) The lower contact of unit 2 is established at the base of the first thick gray shale bed above the sandstone of unit 1. This contact is gradational with unit 1 and is difficult to define, particularly in the Pioneer Mountains, where unit 2 is thin. The upper contact is established at the base of the first thick sandstone bed (minimum Blackleaf Formation thickness 5 m) of the upper clastic lithofacies. The upper boundary is also difficult to establish in the Pioneer Mountains because of interbedded sandstone and shale; however, the number and thickness of shale beds decrease significantly in this interval.
The lower boundary of unit 2 is also difficult to establish at the Warm Springs Creek and Ruby River sections. Here, unit 1 sandstone is rare, and dark-gray shale is the dominant lithology above the Kootenai Formation.
A single Inoceramus comancheanus Cragin mold ( fig. 11 ) was found near the top of unit 2 at the Monument Hill section in the Gravelly Range supporting a late Albian age for the unit at this locality. Unit 2 palynomorph assemblages at both the McCartney Mountain Nonmarine.
Nonmarine.
Nonmarine aquatic. Nonmarine.
Nonmarine or brackish.
(sample MM-33-1) and Monument Hill sections (sample MH-8-1) were not adequate to provide detailed ages . Table 6 illustrates sample identification and location, genera and species , lithofacies, age determinations, and proposed environment of deposition for megaflora! specimens in the study area . Two specimens of Anemia jremonti Knowlton (sample AP-X-1) were found in unit 2 at the Apex section in the Pioneer Mountains . Brown (1933) recognized Anemia jremonti Knowlton as common to both the Aspen and Frontier Formations in southwest Wyoming .
The lower mudstone-shale lithofacies is in part lithostratigraphically correlative with the middle shale member of the Thermopolis Shale near Bozeman, and the upper shale unit of the Flood Member of the Blackleaf Formation near Great Falls.
Unit 2 sandstone and siltstone may be marine, lagoonal, or deltaic in origin. Paleontologic data suggest a nonmarine environment of deposition in the west and a marine environment of deposition in the east. 
Upper Clastic Lithofacies (Unit 3)

Lithology and Thickness
Upper clastic lithologies include quartz-and chertrich sandstone (sublitharenite and litharenite of Folk, 1968) and subordinate mudstone, siltstone, shale, and conglomerate. Sandstone is gray to yellow brown, fine to coarse grained, variably calcareous, and medium to thick bedded ( fig. 14) . It contains abundant carbonaceous matter and wood fragments and is ripple laminated, trough cross-stratified, or horizontally laminated. In the east (Warm Springs Creek and Monument Hill sections), unit 3 sandstone is locally fossiliferous and contains rare glauconite grains .
Subordinate mudstone and shale are olive gray to dark gray, variably fissile, usually silty, weakly to moderately calcareous, bioturbated, and limonite stained. Carbonaceous matter and root structures are present in places. Dark-gray shale is locally present at the base of the unit. Mudstone beds up to 7 m thick occur in the Pioneer Mountains (Dyman, 1985b) .
Subordinate siltstone is interbedded with unit 3 mudstone and shale or lies above unit 3 sandstone in fining-upward sequences. Siltstone is gray to brown, limonite stained, moderately calcareous, and commonly burrowed and bioturbated. Abundant carbonaceous matter and wood fragments are present. Siltstone in the lower part of unit 3 is rippled and occurs as thin (less than 5 em) discontinuous beds . Individual fining upward cycles may exceed 10 m in thickness. Unit 3 conglomerate is locally abundant and occurs within sandstone beds as both intraformational rip-ups and exotic clasts. Intraformational deposits include angular-to-subangular mudstone, porcelanitic mudstone, and shale clasts (fig, 15) . Exotic clasts include rounded to subrounded chert, quartzite, and argillite. Clasts rna:; exceed 5 em in diameter.
Unit 3 thickness data are presented in figure 16 . Thicknesses range from a maximum of 76 m in the Pioneer Mountains (Apex section) to a minimum of 4 m at the Ruby River section in the Gravelly Range . The unit appears to thin eastward. The 36 m thickness at Frying Pan Gulch may be in part due to the gradational nature of the lower contact at that location.
Subsurface thicknesses for unit 3 range from a maximum of 135 m (Exxon Co. No. 1 Myers Federal Unit) to a minimum of 90 m (American Quasar Co. 29-1 Peet Creek Federal Unit) ( figs . 2, 16 ). The Myers-Federal Unit section is structurally thickened (Perry and others, 1983) .
Stratigraphic Relations, Age, and Correlation
The lower contact of unit 3 is at the base of the first thick sandstone bed (minimum thickness 5 m) above the shale and mudstone beds of unit 2 (fig. 4) . The lower contact is locally unconformable because of the fluvial nature of unit 3 sandstone; it may be difficult to establish because of gradational change in lithologies from unit 1 to unit 2.
The upper contact is placed at the base of the first thick shale or mudstone bed above unit 3 sandstone. The character of this contact varies within the study area. In the Pioneer Mountains (Apex section), a thick sequence of unit 4 olive-green to brown mudstone lies above the Formation contact. In the Lima Peaks, Gravelly Range, and McCartney Mountain sections, gray mudstone is interbedded with dark-gray shale and subordinate sandstone. With the exception of local channeling at the base of sand bodies, this contact is considered conformable. West of the Boulder batholith Schwartz (1972) placed the upper contact of his interval C at the base of the stratigraphically lowest ''volcaniclastic'' bed. The method was not used for this study because a significant stratigraphic variation exists in the first appearance of volcanic detritus in unit 4 sandstone, and the volcanic lithic content of sandstone is difficult to determine in the field.
Ostrea anomioides Meek was identified from both the Warm Springs Creek and Monument Hill sections in a coquina bed at the base of unit 3 (table 4). Mann (1954) found similar specimens at Warm Springs Creek, and Cobban and others (1976) identified 0. anomioides in the Taft Hill Member of the Blackleaf Formation near Great Falls. Cobban (in Hadley, 1980) identified additional specimens in the Varney quadrangle in the northern Gravelly Range. Ostrea anomioides is a marine bivalve of late Albian age (W. A. Cobban, oral commun., 1985) . Neither palynomorphs or megaflora! specimens were found in unit 3.
The upper clastic lithofacies is in part lithostratigraphically correlative with the upper sandstone member of the Thermopolis Shale near Bozeman, the upper sandstone unit of the Taft Hill Member of the Blackleaf Formation near Great Falls, and the Muddy Sandstone in Wyoming.
Unit 3 sandstone is fluvial, especially to the west in the Pioneer Mountains. However, the presence of a brackish water to marine bivalve coquina bed and rare glauconite grains at the base of unit 3 in the Grave!Jy Range suggest some marine to shoreface influence (table 4).
Volcaniclastic Lithofacies (Unit 4) lithology and Thickness
Unit 4 is the thickest and most heterogeneous lithofacies unit in the study area; it marks the first significant influx of volcanic detritus during Blackleaf deposition.
Unit 4 lithologies include mudstone, porcelanitic mudstone, siltstone, volcanic-rich sandstone (litharenite, lithic arkose, and feldspathic litharenite of Folk, 1968) , tuff(?), limestone, and conglomerate ( fig. 4) . Mudstone is the dominant lithology. Lower unit 4 mudstone is generally olive green to gray, variably calcareous, weakly fissile, and structureless. Fossils are rare.
Porcelanitic mudstone is abundant in the middle and upper parts of unit 4, but uncommon in the lower part. Porcelanitic mudstone is highly variable in color with shades of red, gray, and green being dominant; it is in part hard and dense, weakly to strongly calcareous, and locally bentonitic. Bentonitic beds exhibit welldeveloped "popcorn texture" on exposed slopes ( fig. 17) . Mudstone may contain intraformational mud rip-ups and contorted bedding. Strongly calcareous nonporcelanitic mudstone laterally grades into micritic limestone. Ovularshaped lithophysae (accretionary lapilli) up to 3 mm in diameter (Ross and Smith, 1961, p. 27 ) are abundant locally in tuffaceous(?) unit 4 mudstone beds in the Pioneer Mountains. Lithophysae were observed by Schwartz (1972) in equivalent beds, and by Wanless and others (1955) at the Willow Creek section near Alpine, Wyoming, in the upper part of the Aspen Formation.
Locally, upper unit 4 porcelanitic mudstone is very finely laminated with individual laminations less than 1 mm thick.
Unit 4 siltstone occurs as thin, discontinuous beds within unit 4 mudstone and above sandstone beds in discontinuous lenticular bodies. The siltsone is commonly tan or gray, rippled, micaceous, bioturbated, and variably calcareous. Pyrite crystals up to 1 em in diameter are locally present.
Unit 4 sandstone is highly variable in color but is most commonly red or brown to gray. The sandstone is thin to medium bedded, generally fine grained, lithic-rich in the middle and upper part of the unit, variably calcareous, and hematite stained. Sandstone is subordinate to mudstone at all localities, especially in the Pioneer Mountains (Apex section), where the sand to shale ratio is 1 :6. Sandstone is most commonly ripple laminated or flat bedded. Unit 4 conglomerate occurs as quartzite-and chert-pebble channel fills and as rounded to angular mudstone, shale, siltstone, and chert-pebble lag deposits.
Unit 4 thickness data are illustrated in figure 18 . Data are sparse, and structural complications due to faulting exist at the Ruby River section. Thicknesses range from a maximum of 378 m in the Snowcrest Range (Antone Peak section) to a minimum of 271 m at the Lima Peaks section. Subsurface data near the Lima Peaks section vary in quality. Unit 4 is 270 m thick in the American Quasar 29-1 Peet Creek Federal well; however, a thickness of more than 600 mat the Exxon Co. No. 1 Myers Federal Unit is considered suspect and may be due to faulting or folding. Total unit 4 thicknesses are not available for other sections in the study area due to surface cover or erosion.
Stratigraphic Relations, Age, and Correlation
The lower contact of unit 4 is established at the base of the first thick mudstone and shale bed (minimum thickness 10m) above unit 3 sandstone (fig. 4) . The contact is considered conformable and is readily identifiable in the field.
In the Pioneer Mountains the upper contact is established at the first thick sandstone or conglomerate bed of the lower clastic lithofacies of the Frontier Formation. In the Lima Peaks area, however, the upper contact may be unconformable because of a sharp color and lithologic change, the presence of lag gravels above the contact, and palynologic, petrographic, and vitrinite data (Dyman, 1985c) .
Sharp color and lithologic changes were also observed in the Snowcrest and Gravelly Ranges (Ruby River, Warm Springs Creek, and Antone Peak sections) within the same stratigraphic interval. The upper contact of unit 4 at Frying Pan Gulch is defined as at the base of a distinctive conglomerate bed 350 m above the base of the unit (fig. 19 ). This bed can be traced for more than a kilometer north of the measured section. Other conglomerate and sandstone beds occur within unit 4 at the Frying Pan Gulch, McCartney Mountain, and Apex sections, but they are laterally discontinuous (less than 50 m in length) and are thin (less than 2 m thick). The upper unit 4 contact at the Apex section is less dramatic but occurs at the base of a similar conglomeratic sandstone bed.
Two palynomorph assemblages from the Lima Peaks section (samples LP-64-1 and LP-102-1) indicate a mid-Cretaceous age for unit 4 at this locality (table 5) . An additional assemblage from the Ruby River section (sample RR-17-1) was limited in useful specimens and a more detailed age date is not available. A single specimen of Tempskya sp. was identified from unit 4 at the Lima Peaks section (table 6) . Read and Ash (1961) recognized Tempskya only from the Albian of the Western United States, but C. 1. Smiley (oral commun., 1985) indicated that it may in fact extend into the Cenomanian. The volcaniclastic lithofacies is in part lithostratigraphically correlative with the Mowry Shale in central Montana and Wyoming, the Vaughn Member of the Blackleaf Formation near Great Falls, and the Aspen Formation of western Wyoming and southeastern Idaho.
Unit 4 was probably deposited on a broad floodplain. Fluvial channels are present but are relatively small. Periodic flooding resulted in the deposition of dark-gray mudstone. Finely laminated porcelanitic mudstone may have been deposited in low-energy lacustrine or lagoonal settings . Periodically, influx of volcanic detritus from nearby sources resulted in the deposition of bentonite and tuffaceous sediments.
FRONTIER FORMATION
lower Part, lower Clastic Lithofacies (Unit 5)
Lithology and Thickness
Unit 5 records the first significant influx of coarse clastic detritus following unit 3 deposition. Volcanism, initiated with deposition of unit 4, continued during initial deposition of the Frontier Formation in Cenomanian time.
Unit 5 lithologies include sandstone (litharenite, lithic arkose, and feldspathic litharenite of Folk, 1968) , conglomerate, shale, mudstone and porcelanitic mudstone, limestone, siltstone, and bentonite ( fig. 4) . Unit 5 sandstone is heterogeneous, varying from quartz-and chert-rich to lithic-rich beds upward in each section. Sandstone is gray to brown, medium to coarse grained, medium to thick bedded, generally cross stratified, moderately calcareous, and iron stained. Unit 5 conglomerate contains (1) quartzite-, chert-, and porcelaniticrich, generally rounded to subrounded clasts in channels; or (2) angular to subangular rip-up clasts of porcelanitic mudstone at the base of small isolated channels. Clasts generally attain a maximum diameter of 0.3 m. Rare sandstone beds exceed 3m in thickness. Unit 5 mudstone and shale are olive green to dark gray but are locally highly variable in color. They are weakly to strongly calcareous and bentonitic. Mudstone is locally porcelanitic (Pioneer Mountains sections) and contains beds rich in ovular lithophysae similar to those encountered in unit 4. Dark-gray shale occurs at the base or within the lower Frontier Formation as thin, discontinuous beds. Dark-gray shale may contain root .cc structures, leaf and wood impressions, bivalves, and isseminated coal. Concretions composed of micritic limestone as much as 0.4 m in diameter occur locally at the Apex section in the Pioneer Mountains. Subordinate siltstone is found interbedded with unit 5 mudstone and shale or above unit 5 sandstone in fining upward sequences. Individual fining upward cycles may exceed 10m in thickness. Siltstone is olive brown to gray, moderately calcareous, commonly burrowed and bioturbated, and contains abundant carbonaceous matter and leaf and wood impressions.
Unit 5 calcareous mudstone locally grades into micritic limestone in the Pioneer Mountains sections. Limestone is gray, thin-bedded, in part silty, and occurs as discontinuous beds. Unit 5 bentonite occurs as thin (less than 10 em thick) gray beds within unit 5 mudstone or shale.
The basal sandstone of the Frontier Formation is easily identified in the subsurface near Lima (Exxon Co. No. 1 Myers Federal Unit and American Quasar Co. 29-1 Peet Creek Federal), but a Frontier thickness value is impossible to determine objectively because of structural complications, poor outcrop condition, and uncertainties as to where to place the upper contact.
Stratigraphic Relations, Age, and Correlation
The lower contact of unit 5 is established at the base of the first thick conformable sandstone or conglomerate bed (minimum thickness 5 m) above the base of unit 4 or at the suspected unconformity in the Snowcrest and Gravelly Ranges and in the Lima Peaks area. At both the Apex and Frying Pan Gulch sections, more than 300 m of lithic-rich sandstone, mudstone, and siltstone are exposed above the base of the Frontier Formation. Sandstone and conglomerate are the dominant lithologies at or near the base of the unit at these sections, but they decrease in abundance upward in the section.
In the Lima Peaks area, more than 150m of sandstone, shale, mudstone, and conglomerate are exposed in a series of discontinuous outcrops above unit 4. In the Lima Peaks area and in the Snowcrest and Gravelly Ranges, 10-20 m of olive-gray to dark-gray shale and subordinate siltstone and mudstone lie immediately above the suspected unconformity at the base of the Frontier Formation. Sandstone increases in abundance above these beds. R. G. Tysdal (oral commun., 1985) observed darkgray shale beds above the color-variant Blackleaf equivalents in the Madison Range to the east but considered them part of the Mowry Shale. These dark-gray shale beds are not correlative with the basal Frontier beds in this study area (Tysdal and others, in press) . More than 100 m of lower Frontier clastic rocks are exposed at the Ruby River section in the northern Snowcrest Range .
A single specimen of P/eurocardia pauperculum (Meek) was identified from the lower Frontier Formation at the Ruby River section in the northern Snowcrest Range (table 4) . The species is found in sandy and silty nearshore marine environments of either Cenomanian or Turonian age (W. A. Cobban, oral commun., 1985) . Other specimens could not be conclusively identified.
Palynomorph data also support a Cenomanian to Turonian Age for the lower part of the Frontier Formation (table 5) . Sample LP-131-1 was collected 5 m above the upper Albian sample LP-102-1 at the base of the Frontier Formation. Sample LP-131-1 has a younger aspect than samples below in the Blackleaf Formation and resembles samples previously observed in the lower Frontier Formation in Wyoming . Ryder and Ames (1970) considered conglomerate in the Lima Peaks area (Shine Hill sample locality; Dyman, 1985b) to be part of their Upper Cretaceous to Paleocene synorogenic Beaverhead Formation (Upper Cretaceous Beaverhead Group of Nichols and others, 1985) , based in part on a palynomorph assemblage similar to sample P3736-83 (table 5) . Sample P3736-83 was considered part of the Frontier Formation by Nichols and others (1985) based on a reinterpretation of the age significance of the assemblage and field observations from this study that suggest continuity with lower Frontier beds nearby.
Palynologic samples from the McCartney Mountain area and Pioneer Mountains were not useful because of extensive destruction due to thermal alteration associated with batholith intrusion. An assemblage from both the Apex and Frying Pan Gulch localities would have been valuable in correlating these sections with those to the south and east. Without these data, the lithostratigraphic correlations used to determine the BlackleafFrontier boundary in this area are considered tentative.
A single specimen of Tempskya sp. identified from the Frontier Formation at the Apex section (table 6) may represent an occurrence stratigraphically younger than previously recognized for the genus.
SUMMARY
The Blackleaf and lower Frontier Formations can be subdivided into five easily recognized lithofacies: (Blackleaf) lower clastic (unit 1), lower mudstone-shale (unit 2), upper clastic (unit 3), volcaniclastic (unit 4), and (lower Frontier) lower clastic (unit 5). The Blackleaf Formation reaches a maximum thickness of 600 m in the Pioneer Mountains.
The lower clastic lithofacies (unit 1) is conformable with the underlying Kootenai Formation; varies from 87 m (west) to 13 m (east) in thickness; includes quartzarenite, litharenite, mudstone, micritic limestone, siltstone, and limestone conglomerate; and was deposited in fluvial, deltaic, and lagoonal settings.
The lower mudstone-shale lithofacies (unit 2) is conformable with unit 1; varies from 73 m (east) to 17 m (southwest) in thickness; includes mudstone, shale, siltstone, and subordinate sandstone; and was deposited in shallow marine (east) to lagoonal and floodplain (west) settings.
The upper clastic lithofacies (unit 3) is conformable with unit 2; varies from 76 m (west) to 4 m (east) in thickness; includes litharenite, and subordinate siltstone and mudstone; and was deposited in fluvial and deltaic (west) to shallow marine (east) settings.
The volcaniclastic lithofacies (unit 4) is conformable with unit 3; varies from 378 m to 270m in thickness; is lithologically heterogeneous and includes mudstone, shale, bentonite, porcelanite, lithic-and chert-rich sandstone, and conglomerate; and was deposited in a floodplain setting.
The Frontier Formation, lower clastic lithofacies (unit 5) is in part unconformable with unit 4; includes chert-and lithic-rich sandstone, conglomerate, mudstone, and shale; and was deposited in fluvial to shallow marine(?) brackish water environments.
The Blackleaf Formation is late Albian in age and the lower part of the Frontier Formation is Cenomanian to Turonian in age based on analysis of bivalve and palynomorph data. The Cenomanian or Turonian Shine Hill conglomerate unit in the Lima Peaks area is not equivalent to the Upper Cretaceous Beaverhead Group but is equivalent to or should be placed in the Frontier Formation on the basis of palynomorph data.
